Green tea is known for its health-promoting properties. It is a complex mixture of polyphenols, and as interest in finding new possibilities for plant extracts as food additives grows, there is a need to investigate the potential interactions of these additives with food ingredients such as microorganisms. Lactic acid bacteria are widely used in food technology. The catechin fraction (CF) and high molecular weight fraction (HMW) from green tea extracts were obtained from Sephadex LH-20 column chromatography and characterized by SE-HPLC-DAD, with CF also characterized by RP-HPLC-DAD. To investigate the antimicrobial properties of green tea fractions, the dilution plating method was performed. SE-HPLC demonstrated clear differences between two of the fractions. The addition of the fractions to growth medium demonstrated that the HMW was a less selective anti-microbial agent than CF, which unequally modulated the growth of the tested strains. Growth of Lactobacillus bulgaricus 151 was promoted after the addition of both fractions. Bifidobacterium animalis 25527 was identified as the most sensitive strain.
Green tea has been proven to possess many properties beneficial to health. It was demonstrated in some epidemiologic studies that consumption of green tea lowers the risk of cardiovascular diseases or different types of cancer. Its positive influence can also be noted on liver enzymes during phase I and II drug metabolism, gene transcription and proliferation [1] [2] [3] [4] [5] . These are just some examples from the many reports of the proven health promoting properties of green tea. Among other positive influences, its influence on obesity treatment should be mentioned [6, 7] . Green tea leaves are a rich source of polyphenolic compounds, among which catechins can be found in abundant amounts and are responsible for most of the beneficial health properties of green tea. The dominant catechin molecule is EGCG [(-)-epigallocatechin gallate], which accounts for approximately 50% of the total catechins [8] [9] [10] [11] . Additionally, some high molecular compounds, e.g., several proanthocyanidins, were identified among green tea polyphenols [12, 13] .
The influence of green tea on microbial growth has been investigated. Green tea was tested as a bacterial growth-modulating agent [14] and a food additive during milk fermentation [15] . The consumption of foods that were produced by implementing fermentation using Lactobacillus and Bifidobacterium strains was associated with beneficial health properties. Some strains of lactic acid bacteria (LAB) exhibit powerful anti-inflammatory, antiallergy or other important properties. Interestingly, the survival of each strain (within the same genus) differs significantly when exposed to the same growth-modulating factor [15, 16] . Therefore, it is rather difficult to describe one factor and find a single marker to predict microbial growth. This study aims to present data about the influence of low and high molecular fractions obtained from green tea extract on growth of Lactobacillus, Bifidobacterium and Streptococcus strains. The profile of the compounds found in the CF from green tea extract is presented in Figure 1 . Five compounds designated as numbers 1-5 were identified. They were as follows: (-)-epigallocatechin (EGC), caffeine, (-)-epicatechin (EC), (-)-epigallocatechin gallate (EGCG) and (-)-epicatechin gallate (ECG), respectively.
The content of each compound identified in the CF was evaluated using a calibration curve prepared for every standard. The detailed data are specified in Table 1 . The dominant compound was EGCG.
The obtained results of chromatographic separation of green tea extract fractions conducted using the SE-HPLC technique are depicted in Figure 2 . The chromatogram recorded for the CF is presented in Figure 2 .a and chromatogram recorded for the HMW in Figure 2 .b. Figure 2 .c represents the chromatographic separation for the prepared mixture of three polyphenolic standards with different molecular masses: tannic acid (1701.19 g/mol), procyanidin B2 (578.52 g/mol) and gallic acid (170.12 g/mol).
During chromatographic separation using a gel filtration column, the compounds with a higher molecular weight are eluted earlier The amounts of four main compounds that were identified in the CF from green tea extracts during RP-HPLC analysis were similar to that described in literature data; however, the values can be found as a broad spectrum of quantities [17] [18] [19] [20] . It should be noted that the yield of catechins was computed after fractionation, which has to be considered when comparing with other data. The most abundant compound detected was EGCG. Interestingly, some levels of EGCG can be modulated by Sephadex LH-20 separation since it forms a broad peak upon elution of the Sephadex LH-20 column [17] .
The SE-HPLC chromatogram recorded for the CF (Figure 2 .a) demonstrates that the detected catechins formed two broad peaks. The molecular masses of the compounds in this low molecular fraction rich in catechins (i.e., EC, EGC, EGCG and ECG) are between procyanidin B2 and gallic acid, which were used as standards. This fraction also contains caffeine, whose molecular mass is similar to that of gallic acid (194.16 g/mol and 170.12 g/mol, respectively). Proanthocyanidins are the main constituents of the HMW fractions of polyphenolic extracts obtained using Sephadex LH-20 separation [21] [22] [23] [24] [25] ; therefore, peak 8 and peak 9, which can be found in Figure 2 .b, are associated with polyphenols characterized by higher molecular masses, most likely with proanthocyanidins with a higher and lower degree of polymerization, respectively. The retention time of peak 8 is between the retention times of tannic acid and procyanidin B2 (1701.19 g/mol and 578.52 g/mol, respectively), and retention of peak 9 is similar to that of procyanidin B2. Peaks 6-7 and 10-11 can be identified as polyphenols that have smaller molecular masses. Their retention times were similar to peaks 6 and 7, so it can be concluded that some of the compounds characteristic of low molecular polyphenols can still be found in the HMW. It is difficult to completely remove EGCG from the HMW [12] . Nevertheless, proanthocyanidins have a lower extinction coefficient (ε 280) than some of the other dominant green tea phenolics [26] , so the mutual peak proportions presented in Figure 2 .b are affected by this known phenomenon. Other authors used the SE-HPLC technique to 0.835 1 Data are expressed as means ± the standard deviation (n = 3). Means ± standard deviations followed by the same letter, within a raw, are not significantly different (p > 0.05).
Antibacterial activity of green tea extract
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Mayer et al. [30] In the same study enzyme activity was also investigated. The authors claim that L. acidophilus showed higher activity of β-glucosidase and β-galactosidase and lower activity of α-rhamnosidase when compared with two other strains. Lower survival of the aforementioned strain might be due to higher activity of the first two enzymes during the first stage of incubation and reduced activity of the third enzyme. The first factor is significant because L. acidophilus used all the available nutrients, and the lower activity of α-rhamnosidase implied incomplete use of the remaining sugars present (e.g., rutin) when compared to two other strains [31] . Additionally, the addition of green tea infusion did not demonstrate an influence on the growth of S. thermophilus and B. animalis subsp. Lactis BB-12 during milk fermentation. Growth of L. acidophilus LA-5 was dependent on the concentration of the infusion addition to the milk [15] . Other authors suggested that microbial growth depends on the polyphenol concentration in the growth medium and strain used. Tabasco et al. [16] demonstrated that the growth of L. plantarum (five lactobacilli strains were used) was altered with either the type of strain or the concentration and type of phenolic addition (monomeric or polymeric fractions from grapeseed extract). In some cases, growth was stimulated, stimulated until a certain concentration of the additive was reached (which caused inhibition), inhibited or unaffected (for a few strains). For Bifidobacterium growth (three strains were tested), similar effects to those described in this study were observed. Other researchers claim that the addition of vitamin C, grape seed extract or green tea extract might stimulate microbial growth when compared to control strains without any additives. These researchers explain that either vitamin C or polyphenols from green tea might have oxygen-scavenging properties, which may promote a more favorable environment for LAB [32] . Interestingly, the results from an aforementioned study [16] showed that in case of some of the strains used, the polyphenolic addition stimulated growth until certain concentration was reached, which confirms data presented by Shah et al. [32] .
It can be noted that the influence on LAB depends on the type of polyphenols. Monomeric flavan-3-ols (catechins) are more selective as a microbial growth modulator than the polymeric fraction from green tea extract. Proanthocyanidins are more efficient and less selective in inhibiting microbial growth.
Experimental

Samples and reagent:
Green tea samples were purchased in a local store in Olsztyn, Poland. The chemicals used for extraction, Sephadex LH-20 gel filtration and SE-HPLC were purchased from Sigma-Aldrich, USA. All other chemicals were obtained from BTL, Great Britain.
Sample preparation: Dry leaves were homogenized with a mortar and pestle, and approximately 20 g was extracted with 80% aqueous acetone (v/v) (1:10 solid:solvent ratio) for 15 min at 70°C in triplicate using the sonicating water bath JULABO SW22 [21] . Extracts were filtered using Whatman No. 3 filters, and the supernatants were combined. Acetone was removed using rotary evaporator. Any remaining water residue was frozen and lyophilized.
Gel filtration using Sephadex LH-20: Two different molecular fractions (CF and HMW) from the green tea extract were obtained using Sephadex LH-20 gel separation. Extracts were suspended in 2 mL of ethanol and applied into a glass column (600 mm x 30 mm) filled with Sephadex LH-20. Elution of CF was conducted using ethanol until the absorbance of the eluate at λ=280 nm was >0.2 (Beckman DU7500 spectrophotometer). Next, a 50% aqueous acetone (v/v) was applied as a mobile phase to elute the HMW fraction. Organic solvents were removed using a rotary evaporator, and the water residue was frozen and lyophilized.
SE-HPLC:
CF and HMW were dissolved in the mobile phase (0.5 mg/mL) and filtered through Whatman 0.45 μm filters. The samples were analyzed using a TSK G2000SWXL column (300 x 7.8 mm, 5 μm; TosoHaas) and the following HPLC system: pump LC-10ADVP, controller SCL10AVP and photodiode detector SPD-M 10A. The mobile phase comprised acetonitrile 45% (v/v) with 0.1% of TFA (v/v) and a flow rate 0.2 mL/min. Approximately 20 μL of sample was injected manually, and detection was conducted for λ=280 nm. The retention time was compared with three standards: procyanidin B2, gallic acid and tannic acid.
RP-HPLC:
CF was dissolved in the mobile phase (2 mg/mL). The prepared samples were filtered and then analyzed using the equipment described above. Separation was conducted on a Luna C18 column (250 x 4.6 mm, 5 μm; Phenomenex, Torrance, USA). Mobile phase A comprised acetonitrile-water-trifluoroacetic acid (TFA) (5:95:0.1; v/v/v), and mobile phase B was acetonitrile-TFA (100:0.1; v/v). The gradient was established for mobile phase B from 0% up to 40% (0-50 min). The flow rate was 1 mL/min. Peaks were characterized by comparing the retention time of the following five standards: EGC, caffeine, EC, EGCG and ECG. A calibration curve was prepared for each standard.
Influence of addition of CF and HMW on growth of Lactobacillus, Bifidobacterium and Streptococcus:
The antibacterial activity of the CF and HMW green tea fractions was examined with the following bacterial strains: Four tubes with liquid growth medium were prepared (1.76 mL) for each strain. The CF and HMW solutions (0.2 mL; 20 mg/mL) were added into two of the tubes, and after vortexing, the samples were inoculated with the appropriate strain (0.04 mL). Control samples were prepared by adding 0.04 mL of inoculum, and the fourth tube contained growth medium and the addition of the appropriate fraction (same concentration). All of the samples were incubated at 37 ○ C for 12 h. After incubation, the dilution plating method was performed. Prepared double-layered plates were incubated at 37°C for 48 h (JOUAN EB280). After incubation, the CFU were counted. The results are given as CFU/mL. For experiment with Bifidobacterium OXOID, HP0011A with OXOID 2.5 L AN0025A was used.
Statistical analysis: All determinations were performed in this study in triplicate. Results are reported as mean and standard deviation values. Analyses of variance and Tukey's test were performed at level op p < 0.05 to evaluate the significance of differences among mean values.
